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tM  Froc-eding*  of  the  Alt  fern  “ateriiii 
Laboratory  Fiftieth  Annl*wr*err  Con /»  ran**  on  Cor- 
tnloi  cl  HlllUrr  end  k-rospece  Eguleewnt,  bold 
In  Denver  »av  JJ»?5«  l )tf,  have  been  tUMdil  0 
S<»*  seventv  p*c«t»  coveting  ill  uptcti  cf  eorte- 
•  Ion  are  rep -*«*•-•*  In  i*elr  e.*«*e*«y,  she  Indl/ld- 
v* l  t»wn  »*r*  reviewed  »n  lb#  two  previous  CMIC 

eft  Uxrcilcft  and  Compatibility  dated  October 
It,  IW,  and  U< HAtr  15,  196?, 

A  lltars’ure  survey  on  raindrop  erosion  ho* 
taeft  released  try  Bedstone  Arsenal. l?J  I  ho  *u rwv 
conclude*  u«t  r*ln  erosion  It  expected  to  to  very 
•*lf«  fitA  oott  noit^orw  HUtilU  when  the 
•Utile  nose-cone  rulut  1*  U»*  thin  0,5  foot  or* 

It  3*  raising  thriven  roln  o«  velocities  greater 
than  XCO  ft/ toe.  Equation*  iio  available  for  estl- 
*4tlng  yio  penetration  of  Individual  raindrop*  Into 
Settle  Mtilt  and  ablating  turfocot  tt  velocities 
to  JO.CCC  ft/**C.  Rstn-eroslon  damage  socarently  U 
rooutoo  o  t  y*o  thick  not*  cf  the  molten  ablative 
•4toriol  on  the  rot#  cone  U  Increased.  Mote-cone 
tplko*  have  bean  offoctlvo  In  reducing  rsin-eroilon 
d*wege  at  ‘Wccltlet  of  «  few  thousand  foot  per 

tOCOAO. 

Iho  effect  cn  corrosion  ro*l*t*nco  of  boron- 
fJbor  strengthening  of  aliatrsm,  copper,  ond  nickel 
h*«  boon  nrportod  by  Avco.O)  Iht  boron  either  hod 
n#  effect  on,  or  tllQhtly  enhoncod,  the  cirrotlon 
retet  of  the*o  uurlili  in  chloride  lolutlon*  or 
in  elr  oildetlon.  In  edition,  the  elueln\»*o«roft 
cewpotite*  thewd  a  toeetit  greeter  corrotton  rate 
In  buffortil  tolutloni  at  cH  •  and  a  tlloMly  do- 
cm«M  rate  at  pH  4  and  10  (it  caeceroo  «ith  thote 
without  boron/*  The  preaence  of  boron  In  nickel 
•ecelerated  the  ccrroilon  In  elueinua  tulfato  tolvr- 
tlone. 

The  effect  cf  Inhibitor*  on  the  carrot ion  of 
■liairu*,  eegneiliM,  ttelnl***  ttool,  and  titanlm  In 
)^04  contelnlng  *dd«d  water  hi*  been  studied  at  the 
Aereowce  Corpora tlon A Corrosion  usu  were  con- 
djeted  at  15,5  C  (5^,9  f)  frr  period*  ranqirg  froa 
15  to  W  day*.  Aeoonlua  f luorosulfonate  ) 

appeared  to  be  the  peat  of  the  inhibitor*  invest!* 
9%ted»  Other  prwlilng  inhibitor*  were  phowhoru* 
ponufluoxldo,  pnotpnorjs  trifluoride.  And  poUttiu* 
fluordMlfoneu,  The  long- tern  effects  of  the  In¬ 
hibitor*  on  corrosion  performance  end  their  effects 
on  propellant  perform* nee  were  not  studied, 

iapect  dita  for  alunimje  And  titan  lea  alloys 
ire  being  deter* l red  by  McDonnell  Ocuglat  as  part 
of  •  Study  on  the  engineering  behavior  of  Unfceoe 
Materials  tn  llgald  propellant*^ 2)  Standi  A3U 


rpen-cuo  lnpsct  h\‘.f  \  »t  79  f*.-lb>  l*<dlCAt*d  that 
30l**(4  iKairua  was  not  Incect  irMlV.w  m  Js^Oa 
ct  liquid  f l~rlne  bat  »**  iscsct  tensltlve  In 
at  temperature*  between  *50  C  ‘>59  * i  the  boil¬ 
ing  point,  *1*  C  (6,8  F).  Modified  ttMA  «oen-<u» 
Lepact  tftts  revested  that  U-6A1-4/  alloy  ***  not 
iapect  senaitlve  In  N«0a,  bat  mt  Upe:t  sensitive 
at  *2.5  ft-lb  In  ClFj  at  -14  C. 


TT*e  effect  of  e  dslonlred  we  ter  rinse  after 
sulfuric  Kid-todluw  dlthrceuu  treataent  cn 
Ktyeslve-bondlng  charicterlstlc*  of  1C2<  slualnea 
he#  been  studied  by  Picatlnov  Arsenal. v6i  laaerelon* 
greater  then  15  alnute*  In  deionised  water  At  60  C 
(140  F)  produced  an  Iridescent  flla  on  tn*  alialnua 
and  s  subsequent  lots  In  *d htti'/e  bondablllty.  A 
hy  dated  o»idn  layer  (A1;Cj*JH ^3)  ICCO  A  thick  wet 
found  on  the  surface  of  these  specimens.  Multi¬ 
valent  compound*  wided  to  the  water  were  found  to 
preferentially  absorb  Into  the  airmirxm  oilde  and 
block  the  entrance  of  wster,  thereby  prevent* ng 
hydrstlcn  of  the  c»lde,  TFe  eodltisn  to  the  oelon- 
isrd  wster  (*t  pH  below  5.*  Cf  evltlvslent  tzmevjrtit 
such  *s  HjSDa,  M<j50a»  CiC-j,  HajCr^Oy,  JtejSOe.  FyClj, 
and  FeCij  m  »-ccw»ended  to  give  good  bending  sur¬ 
faces*  Alkaline  coaoovndt  such  at  KariT),  ^47X3, 
and  IjC&j  were  not  me— inw  because  they  stuck 
and  discolor  the  alimlrxjw. 


Research  on  #n  accelerated  stress-corrosion, m 
test  for  sluilrui  ellc-ys  Is  ccntirwi-g  st  kaiser*'7^ 
A  continuous  U—erslcn  In  1  percent  HaCl-2  percent 
KjCrjOy  solution  St  pH  4  eng  60  C  wa*  found  to  be 
•ffectlve  In  separating  the  tracer*  of  2024,  2219, 
and  7075  alloys  that  uhiblt  borderline  and  sutiu 
resistance  to  cracking  In  t5e  short- transverse 
direction  of  fabrication*  Ihe  salt-dlchrcm ate  test 
made  these  separsttons  In  1  week  or  1st*  compered 
with  X  d*y*  In  alternate  immion  in  ),5  percent 
teCl  solution.  C-ring  speclnen*  ga—  thw  best  cor¬ 
relation  between  the  two  Ust  wetheds*  Tensile 
specimens  il/8-lrch  diaweterl  did  not  always  gl— 
an  aggressive  test  In  the  *  a  H-dJ  chromite  testa 
specifically  with  the  treoer*  or  the  2219  and  7075 
alloys  wnlch  eihlblted  borderline  resistance  to 
cracking* 

Research  on  the  —foliation  and  stress- 
ccrrosipn  duneuriitlis  cf  ''lyvttrtigw  heat- 
trestkbie  aluminas  alloy  plate  h»»  been  ttmmaiired 
by  Alcoa.' specimens  were  evaluated  In  warlne 
and  industrial  ataospneric  tests  and  in  acidified 
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(pH  3)  3  percent  *»C!  at  IX  f  (exfoliation  t«*ts 
only)  a rrt  in  2.5  oercent  «*Ci  tv  alternate  iWY- 
•ion  corrosion  only),  Suiceptlbl lltv  'o 

eifolletlcn  in  7000  iftltt  alloy*  in  Uw  H  U«p«n 
•nd  2000  ittiH  *1 love  in  tha  13  and  14  tMo«ri  In¬ 
creased  •«  plate  IMU*nii  (t*crtt«rd,  with  uiiui 
susceptibility  twlng  at  spout  O.ibC  to  0.“* C  i-'Ch. 
Allots  X24-:i51t  22.5-7351,  and  7075-17331  Had  V* 
■«*i»*s  resisterc#  to  stress-corrosion  cracking, 
witilntiyj  ihort'trmtnm  itntio  sis  tiMi  it 
great  si  those  sustained  by  7C73-I631  but  having 
cnlv  80  to  «0  >#rc*nt  of  *h#  strength  of  7C7V7651- 
Alloy*  XX-I63J.  7001-77531,  and  7173-17631  have 
nosrly  V**  ism*  streog th  s»  7075-7631,  but  resisted 
streis-cormsion  tracking  in  the  short- transverse 
direction  st  itmi  levels  about  four  tiMt  grtsU; 
than  Lho*«  suits l nod  by  707V 7651. 

Ocuglu  Aircraft  has  studied  the  threshold 
•tress  levels  to  cause  stress-corrosion  cricking  in 
synthetic  ttwur  altamal#  Inversion  tests  of 
lltalrui  sllor*  2014-16,  X2021-T6EJ1,  2C24-T31, 
221VT87,  17X2-16,  7039-T64,  sod  71C6-T6.0)  Un- 
Mldsd  ihtit  and  plat*  specimen*  of  all  iSUfi  did 
not  track  in  300-jyjur  tsst*  it  stress  loading*  of 
73  percent  of  th#  vlaid  strength  ( lcng-trantvene 
direction).  Unnoted  »nd  notched  specl»#n*  of 
•lloyi  in  *11  other  condition*  also  survived  t««t« 
•t  75  percent  of  ylild  strength  escept  the*#  listed 
belowi 


As  weldedi  X 14-76,  2021-78*31,  2024-781 
foetwald  artificial  agai  2014-T6,  7106-76 
Fostwald  solution  treatment  plu*  artificial 
•go*  X 14-16  ,  2021-7*31,  2219-T87, 
703VT64,  7106-76. 


Alcoa  ha*  l**\H  tht  first  annual  report  on 
crack-initiation  phenomena  in  tha  stress  corrosion 
of  slualnum  alloy*. 1 10)  Studies  were  made  with 
tuning-fort  specimen*  of  2219  and  7075  alloy*  •*- 
posad  to  NaCl-AlClj-HCl  *olvitlon  at  pH  1.  The  only 
significant  microstructursl  features  that  Influenced 
crack  initiation  appeared  to  be  grain  shape,  struc¬ 
tural  directionality,  and  recryetalllxatlon  whtdi 
control  tha  orlantatlon  ot  the  corrosion-susceptible 
graln-6ounoary  paths  with  ratpact  to  tha  strolling 
dlractlon.  No  corralatlcn*  could  ba  obtainad  alth 
constituent  partlclas,  xonas  and  pracipttata*  a! thin 
grain*,  boundary  preclpltat*  particiat,  dislocation*, 
or  surfaca  Irregularities  such  as  pita  or  scratch** 
(ax cap t  when  they  colncldad  with  a  grain  boundary). 


Tha  rol*  of  dlslocatlor.s  in  th*  stress- 
corroslon  cracking  of  aluminas  alloys  Is  baing 
•tabled  at  Recketdyne.Ul)  Expeilment*  hava  batn 
toncuctad  with  7073  alloy  to  ralata  dislocation 
•obi llty  »lth  tha  capacity  of  th#  T73  tracer  to 
plastically  deform  at  tha  root  of  a  ,-iotch,  whereas 
tha  76  teecer  doas  not  readily  deform.  Tasta  at 
aiwllad  load*  of  33  to  180  pounds  have  baan  con¬ 
ducted  in  an  I  natron  a*  chin#  with  V -notch  Chirpy 
^.spaeLban*  takan  fro*  th*  short- transverse  and 

longitudinal  orlantatlon*  of  th#  original  forgings, 
■  '*■  vsluaa  calculated  from  th*  slop*  of  a  log-log 

plot  of  th#  appllad  load  versus  relaxation  time  re- 
nmOlTKl  aaalad  that  dislocation  Mobility  lncraatad  »lth  In¬ 
creasing  load,  lower  In  th*  76  than  In  tha  773 
tamper,  and  was  higher  In  tha  longitudinal  dlrac¬ 
tlon  than  In  tha  short- transverse  dlractlon,  par¬ 
ticularly  at  th*  lower  loads. 


,«n 


(vrc::?!  r.f  zzxjjl 

A  report  c*»  th#  corrosion  cf  bervll'.ja  has 
baan  issued  tv  th#  5-f*M*  *#t*ls  J-fo  rw*ti.<n  Can- 
t#r,(12)  Cat*  ara  Interpreted  for  corrosion  in  a 
variety  of  eTv«vc'r*-nt*  l-cladl-g  itaoic^erlc  ai- 
plsure,  acids,  alkalis.  fr-sh  water.  wri"#  water . 
gases,  organic  lihlds,  «rd  weterlel*  .aatals 

and  nonaeUlsi.  Stress-' or roslsn  creckl*g,  gejvt^ic 
corrosion,  and  protective  coatings  era  also  dis¬ 
cussed. 


vaxv-tx  cf 

Hull 


Th#  affect  of  pickling  on  th#  propartles  of 
Hf-130  steal  has  baan  studied  by  tha  ■aval  Applied 
Sclanca  Laboratory. ( 13)  Results  Indicated  that 
W-130  could  b#  pickled  by  th#  standard  Navy  rff«60 
pickling  procedure  without  iaoelrwent  of  notch- 
toughnasa  preparties,  significant  attack  of  th# 

•atai ,  or  ricatslv*  swut  fcraatlm.  A  ‘drastic* 
pickle  conieimng  H^S  and  no  lnrueitcr  tapalrad  th* 
propartlea  of  Iff-lX,  tut  such  of  each  of  the  prop¬ 
erties  wai  restored  aftar  bolli-j  In  aatar  to  re- 
Mowe  hydrogen. 

SUIfflfU  SHtla 

Lockheed  report*  only  superficial  staining  of 
brared  tubing  joint*  aftar  50  days'  outdoor  es- 
paswr>  at  Vandenbarg  Air  force  8ata.(l4)  Typee 
321-1/8  H  a H  Type  304  l  stainless  steel  tubing  were 
induction  braxed  with  Aeronulp  fittings  (Type  304  L) 
and  AST*  •  260  (82Ao-l8*l>.  3©#clnene  ware  as  Posed 
facing  th#  ocaan  about  3CO  yard*  frew  th#  water 
(hiring  th#  calendar  parlod  Octcbar  26,  1966,  to 
February  16.  1967. 

Tha  possible  role  of  c o rros len-o reduced 
hydrogen  In  th-  Intergranular  failures  of  nonsensl- 
tlred  Type  3Q4  stainless  steel  fu-l  cladding  in 
bollirg-watar-reactcr  service  has  been  studied  by 
General  flectxlc.V 1-)  Stressed  notched  tensile 
specimens  were  cathodic* lly  charged  in  4  percent 
Hj®*  containing  A*^.  Cracking  failures  occurred 
at  high  tans lie  loads  and  ware  accompanied  by  severe 
plastic  oafomatlon  *ilcn  probably  caused  sig¬ 
nificant  lattice  transformation  from  a  face-  to 
bodf-cantarad  cubic  structure  on  preferred  crystal- 
lograpnlc  plana*.  Cricks  war*  both  transgrarsiUr 
and  IhUrgrsnuUr  and  were  not  Ilk*  those  for  In- 
service  failures.  Failure  was  most  rapid  dan  th* 
load  was  increased  by  10.0C3  psl  Increments  every 
24  hour*  aftar  an  Initial  loading  of  sbout  23,000 
pti.  Uli  .If::*.  tj»  related  to  nitrogen  stems 
in  tha  metal  migrating  to  dislocation  sites  and 
blocking  •  dislocation  ‘pipe*  that  might  othanris* 
provide  4  rapid  transport  path  for  hydrrgan.  7m 
gradual  loading,  new  dislocations  war*  be 1 laved  to 
b*  created  In  Interior  regions  ehara  scam  hydrogen 
had  already  penetrated  because  of  pravlcu*  dislo¬ 
cations,  thus  providing  new  path*  for  hydrogen 
transport. 


Kfflsici  suuassEJi  iu m 

Th#  affect  of  titanium  on  th*  corrosion  ra- 
1 1 stare*  of  maoneslua  has  been  reported  by  ikmlan 
sclantisU.(19J  Tests  ware  conducted  In  3  percent 
ftaCl  solution.  Th*  present#  of  20.004  percent 
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diitojvad  titanium  incraatad  tha  corrosion  mlt* 
t*nc*  of  fftrctllleon-axtractad  magnate  by  a  fae- 
tor  of  1  u  10.  Saturation  of  alactrciytlc  m*gn**l- 
>*  mlth  titanium  ineraitad  It*  corrotion  ra*i*tanct 
by  a  factor  of  15  to  20*  pratumably  ta  causa  of  tha 
rtmoval  of  Iron. 

gaacm  a.a 

Half-call  potantlalt  hav*  boon  maaturad  by 
tha  Marina  Inginaarlng  Laboratory  for  nltkal-bitt 
tuparslicyt,  tavaral  pura  vault,  nick*'.-<hrcmlum 
binary  alloyi,  and  tavaral  Intcnwtalll:  ecmocvndt 
In  moltan  M*:i  and  Ma^SO*  at  1650  F.U7)  Platinum 
•a*  uiad  at  tha  rafaranc#  alactroda.  Potantlat* 
for  pura  chrcmlua  and  .Hoyt  confining  mjr*  than 
lb  vtf  chromium  aihibitad  a  mar*  ad  potltlva  changa 
•tth  Uaa  In  tha  KagSCa,  but  only  a  flight  potltlva 
changa  In  KaCl*  Tha  PaSavior  in  RajSOa  corrtl- 
atad  with  tha  formation  of  prouctlva  CrjOj  oilda 
on  tha  tpaclmant,  mftlla  that  In  KaCl  vat  r*  la  tad  to 
tha  rapid  attack  on  chromium-containing  alloy*  In 
tMt  maHtuv. 

A  summary  raport  on  tha  hot  ccrrotion  of 
nlckal-bata  alloy*  ha*  baan  lttuad  by  AUiton 
Dtvlalon  of  Ganaral  Motor*. (IS)  Each  ta*t  contlitad 
of  500  cycla*  *t  1700,  1900,  1000,  or  2000  F.  A 
cycla  contlttad  of  •  0.5-*inut«  tpray  of  l  parctnt 
todlua  tulfsta  solution  batvaan  1.5-minuta  hasting 
parlodt.  A  ragrtttlon  aquation  mi  darlvad  which 
rail  tan  vital  lota  to  alloy  cnamlatry.  Chromium 
and  alumirsm  war*  banaf  lelal  to  corrosion  rat  It  tare  a 
rtara»*  tunqtUn  and  molybdanum  war#  detrimental, 

Tha  ordar  of  decreasing  corrosion  retltUnc*  of 
alloys  stud  lad  mi  FDW.  Ib3.  IX-778KX,  AlUy  7I3C 
*  2Cr  *  T,  Alloy  713  ♦  2Cr,  Incu  717,  Alley  713C, 
Kar-»U21  Ua.bCr),  IK-100,  Otf-235,  and  Mat-41235. 

On#  y*ar»'  results  of  a  »tudy  of  tha  hot 
corrosion  of  nlcktl-batt  and  cobalt-bat*  supers  Hoyt 
hav*  baan  summarized  by  Ganaral  Elactric.(  19)  Al¬ 
loy*  war  a  tspoted  500  to  1000  hours  at  1600  to  2050 
F  to  tha  aihsust  gases  frem  dlaaal  fual  (1XS)  which 
were  Injactad  with  5  ppm  aaa  salt.  Sulfidation 
was  i  a  vara  at  1600  to  1750  F,  but  mi  not  a  p  robins 
at  tavoaraturea  abova  1750  to  1800  F,  presumably 
bacauta  KajSOa  vaporixa*  at  that#  tamp*r«tur«s.  At 
1600  to  1750  F,  tha  commercial  cobalt-base  alloyi 
«ara  more  corrosion  raslttant  than  tha  commercial 
nltkel-oa*-  a*loya,  Tha  bast  alloys  vara  1-43  -.o 
riaatalloy  X,  Tha  »oat  corxo%icn-ja*»*Unt  cobalt* 
iiii  ~:&,L  at  1900  to  2050  F  vara  hOCO-2-9  and  *10. 

At  Ganaral  Electric,  a  mechanism  study  of  tha 
hnt  rrrr— lr*%  of  *vp-ril*,*|k  In  hot  qua*  containing 
KaCl  and  SOj  lad  to  tha  conclusion  that  hot  corro¬ 
sion  «aa  tha  raault  of  increased  oxidation  erjird 
by  tha  removal  of  chromlm  from  tna  alloy  utrlx  by 
tim  formation  or  chremiumrrich  *ulfldts.(20)  As 
thaaa  tulflda*  become  oxidized,  tha  sulfur  penetrated 
•or*  deeply  Into  tha  alloy,  creating  susceptibility 
to  faatar  oxidation  in  their  vase,  Aluminum,  carl* 
ua.  and  titan  turn  additions  to  nldal-bat*  alloys 
rtoucad  corrosion  In  soma  Instances,  vhareae  caritm, 
lantharui,  and  yttrium  wet*  b*mflclal  In  cobelt- 
baaa  alloys* 

CEMCSICM  CF  UTMIIM 

Ganaral 

Tha  English  hr**  atudlad  tha  Ignition  and 
burning  of  titanium  alloy*  in  correction  with  fir** 


In  tha  titanium  compressor  stag**  of  gas  turbine 
engines. Soma  39  binary  alley*  vara  ignited  In 
crygan.  Tha  Ignition  tewperetu ra  of  pur*  titanium 
vat  found  to  b*  1*17  C  (2563  F).  Significant  cnang** 
In  Ignition  te*p*ra*ur*  dua  to  alloying  ar*  **” 
maxtrad  be  lev. 

difference  from  Ignl* 
Alloy  Composition,  tlon  Valua  for  C.  P. 

. r.a . .  — _ 


1 J3  carbon 

♦65 

6  coppar 

♦63 

5  iron 

♦70 

34  molybdanum 

*f5 

6  nlckal 

♦63 

0,1  sulfur 

♦St 

0.5  silicon 

*79 

2  silicon 

*90 

mi  tantalum 

*99 

30  turvgsUn 

♦9t 

10  illnr 

-54 

13  coppar 

•A4 

22  manganata 

-117 

0.25  sulfur 

-57 

12  tin 

-115 

22  tin 

-107 

31  llrconlim 

-2f7 

Tha  procaadlng*  of  tha  1-day  twilnar  at 
Battalia's  Colvmbua  Uboratezlaa  on  March  6,  1967, 
daaling  with  accalaratad  cria  propagation  In  * 
titanium  has  baan  lttuad  by  tha  tofanta  Katalt  In¬ 
formation  Cantar.(22)  Included  art  15  Informal 
papart  and  dlacuaalona  by  participants  on  tha  strata* 
corrosion  ending  of  tltanlu*  alloys  by  cuihanol, 
haloganatad  hydrocarbon,  and  othar  tslutlona. 


Tha  corrtiion  bahavior  of  T1-6A1-4V  In  com- 
marelal  Frton  TF  with  and  without  0  J  ppm  chlorina 
gat  has  baan  atudlad  by  A*rotpact  Corporation, (23) 
KaUliographlc  analysis  and  a*chanlcal-prop*rty 
maasuirmanta  maalad  no  trading  altar  72  Sours* 
txpoturt  of  maldsd  and  norMldad  Uvlli  tmvclmtn* 
ttxataad  to  80  par  cant  of  tha  0.2  parcant  offaat 
yltld  ttrangth* 

Tha  str*sa-c«rrpalan-cracfctng  bahartox  of 
tana  X  comma rtlal  titanium  alloys  ha*  baan  da¬ 
ta  rminad  by  tha  Kaval  Rataarch  Laboratory  to  pr*- 
vlda  guldallna  Information  and  datarmlna  tha  wndar- 
lytng  princlolt*  that  af  fact  ttrat**carro*lon 
cruciing.(24i  Ttstt  mat#  conduced  In  3.5  parcant 
Had  solution  »lth  pracxaciad  cantllavsr  baam 
ipaciman*.  laid  tpaclmant  vara  Includad  In  tha  pro- 
grmu  Tha  rtwltt  Indies  tad  that  thara  was  n*» 
com  1st  Ion  bataman  marhanlcal  propartlas  and  aua* 
cvptlblllty  to  strvat-corroslon  ending. 

Fractal*  tnughnasi  and  tha  atrtsa-corroslom 
cracking  of  wtldtd  l- Inch  thick  titan lim-a  11  oy 
tpacimana  hat  also  baan  atudlad  by  tha  Naval  ka¬ 
ta  arch  Laboratory. (23)  Tha  a  trass-corrosion  tests 
vara  parformad  In  3 J  parcant  KaCl  solution  using 


Although  slvmlrum  In  titanium  had  no  signifi¬ 
cant  affact,  tha  lnjactlon  of  vl^lnum  pevdar  Into 
tha  straM  lovarad  the  ignition  tammaratur*  by  mort 
than  IX  C,  thus  banding  to  confirm  that  f Iras  in 
tltanlvm  comprassor  blada*  a ra  cauaad  by  rubbing 
against  dabtls  from  aluminum  bladas  In  aarllar 
atmga*  of  tna  empituor. 

aiaifctoiim  Sasilaa 


precracked  iMtl.mt  Mm  Alley* 

studied  included  71 -Ml -4. .  T'-Ml-TMo,  Il-6Al-6^- 

:sa.  :i-sai-3v-uio,  Ti-tAi-icb-ita,  :i-7ai-imp-w. 

Ti-JAl-rSfvOio-SY,  Il-7A;-2.!Ho,  and  Tl-Ml-20- 
»7*X).9«o.  There  did  not  i««ir  to  be  try  correla¬ 
tion  b«t«»*n  fracture  tcvgv<***  and  nim^crrtiion- 
Clicking  TMltU’K*  of  *.*-4  Mtirlilt. 

Studies  on  tf*  effect  of  ►■vdrogen  and  ale  re- 
structure  on  tha  itniMcerretlM  criaira  of  titan¬ 
ium  alloy*  are  continuing  at  Douglas. Differ¬ 
ent  amwunt*  of  Wdrog»n  \  27  and  100  Ri)  were  tntl©- 
Ax  ad  In  II-4A1-DU-IY  at  ItOC,  IXC ,  and  2000  F, 
followed  by  an  air  quench.  Subsequent  t#*t*  with 
notched  steelmen*  In  ambient  3  par  cant  NaCl  sotu- 
tlon  xtnil*a  that  tha  1600  F  solution  treatment 
Mi  susceptible  to  »u**»-corTo*lon  cracking  at 
tfau  Infrogen  cone  ant  ration*,  but  that  tha  IfOO 
and  2000  F  tmaaflti  wri  net. 

The  Morphology  of  *tr«*»-<orro«lcn  crack* 

In  titanium  alley*  ha*  baen  studied  tv  3celng.(27) 
Freer  a  eked  ipaciaana  were  exposed  tc  3.3  parcant 
*aCl  f'Svtlcn.  Comparison*  of  electron  fraetp- 
graph*  of  crack*  and  electron  Micrograph*  of  the 
structure*  In  alpha -Oat a  Il-dAl-lMo-i 4  and  II-6A1-4V 
alloy*  ravaalad  a  cleavage  failure  In  tha  alpha 
phase  and  a  ductile  ructura  In  tha  beta  pha*a.  Cc- 
planar  dlilocatlcn  arrangements  wv»v  found  in  !l- 
Ml-**  and  H-fUl-lMo-lY  but  not  In  Il-kAl-mto-W, 
which  corraUted  qualitatively  with  *u»cactlbiUty 
of  theaa  alloy*  to  cracking  unoar  that*  exposure 
condition** 

Tha  *trti*-<orro*loo-cracklng  behavior  of 
!M*l-lHo»W  alloy  In  MaCl  ard  Methanol  la  balng 
studied  at  The  Chl©  State  Unlver*lty.(<3)  Sir* 
crack  growth  In  pracracked  tan* lie- type  specimen* 
occunad  over  a  range  of  -960  to  20*0  bv  (SKE)  In 
saltwater*  iuggattlng  that  hyexogan  evolution  l» 
not  a  necessary  factor  In  craek  propagation.  Cur¬ 
rant  densities  of  1.3  amp/c *2  Mr*  estimated  during 
tha  active  propagation  of  a  rapidly  advancing  cr-ck 
In  meVanol-watar-talt  aolutlcn* 

The  Influanea  of  mlcmtxucture  on  tha  stres*- 
corro*lcn  fracture  Mth  In  titanium  alloy*  it  balng 
ttudled  at  Botirvg.l-?)  Result*  obtained  with  pro- 
cracked  notched  specimens  In  3.5  percent  XeCl  tolu¬ 
tlon  Indicated  »tr**»-corrc*l on-cracking  *u*ceotl- 
blllty  In  tha  alpha  pnate  in  Il-dAi-Wo-iV,  Ti-6Al- 
47*  arvo  Kt— Al-Ao-i*',  *n  Marten* ice  in  T  1-7*1- 
2.3Sn,  and  In  tha  bau  pnas*  In  Il-l3Y-llCr-3Ai. 
Stra*a-<orro*ion-crac»lng  susceptibility  cculd  not 
ba  correlated  with  any  one  or  c owe l rut Ion  of  alcrp- 
structural  feature*.  Irmunlty  to  cracking  (at 
laa«t  in  tha  three  ijwwjn*  pMm  of  Tl-$Al-lXo-iY 
alloy)  appeared  to  ba  related  to  nigh  BOlybdenua 
and  vanaolua  content  and  low  a lual run  and  oxygen 
content.  Thu*,  the  baalc  cracking  mechanism  wa* 
concluded  to  be  »urtac*  controlled. 

toeing  ha*  alio  uaad  wedge- force  loading  of 
centar-c racked  thaat  specimen*  to  determine  wneVer 
stress-corrosion  cracking  depend*  on  an  applied 
crack-tlo  «txw*»~lnt*n*lty  factor  or  on  net-*ectlon 
ttrasies.lW  Ilth  thl*  loading «  crack  eiten»ion 
cause*  a  decreasing  *txe**-lntanaity  factor  at  tha 
crack  tip*  while  the  net-section  stresses  Increase* 
Thus*  when  tha  atrais-corroslon  crack  growth  1* 
arrested  in  thl*  specimen,  the  dependency  on  stmt 
Intensity  Is  Indicated.  The  *tre«t  lnten*lty  at 
arrest  for  Tl-3Ai-tfo-iY  alloy  agreed  wail  wiU. 


value*  de'etml-wd  fc/  othar  tae*rlT*ea  vat  eeteolish 
crack  initiation  threshold*  Vrrjgr  Hu.tipla  ta«t*. 

Fete  arc h  on  “a  •trese-ccxrsslo'.  cracking  of 
rote  had  titanlui  In  seewattr  is  -  r.ilr—i-g  at  Va 
starve  crgl“aari“g  kabnretorv.  3.,  Aatj.t*  to  data 
with  tlu*.ii»*i.o,*’aj  t..sv*  l-iicate  vat  •  criti¬ 
cal  amount  of  coherent  II)*!  precipitate  will  cause 
leewater  «tre*e-ccrroelcn  erecting*  a*  **e  qjantltr 
of  Ti3*l  ■»»  in;ree**d.  the  ie-sltlvlt/  of  Ve  a..-r 
to  cracking  also  tncreeted.  T^e  reduction  of  aljaj- 
mae  and  oxygen  content*  end  t.^  addl.icn  of  ItOMcr- 
-ho*j*  beta  ftetillcer*  supcrtstel  the  (cr»eticn  of 
li3*l  and  lecrov-d  tha  re*l*tance  of  tltanivaa- 
aliMlruja  alley*  to  cracking  1-  seawater.  Miner 
eddtticn*  of  let*  than  0.5  percent  cf  tha  ejuctoid 
f enters,  nickel,  irtn,  and  Increased 

tha  cracking  eentltlvlty  of  Tl-7Ai-2Cb-iI«,  »nlle 
the  addition  of  0.09  percent  palladia  wade  this 
im*  alloy  resistant  to  cracking.  A  wlniMi  of 
0.250  percent  cxvgen  In  unalloyed  titenivai  induced 
cracking  In  seawater. 

Tha  affect  of  Mgh-*ltl.ude  supersonic  air¬ 
flow  condition*  cn  Va  hot-salt  cracking  cf  tltanl- 
ua  ha*  been  lrrvestlgatad  at  Lock'^ed.s^*)  ajnd- 
tixmal  test*  were  conducted  for  a  total  cf  !0  Nm*‘ 
exposure  under  aach  2.5  «uper»cnic  flow  ccrdition* 
at  a  pressure  eoulvaienl  to  70,XO-ft  altitude  and 
teitterture*  of  600  and  7C0  F.  ^ lex -annealed 
Tl-^Al-lMo-lf  and  Mill-annealed  11-6*1-**  alloys 
were  used  In  self-stressed  specimen*.  I‘e  results 
demonstrated  Vat  Vete  tiaclated  supersonic-flight 
condition*  did  not  alUlnat*  hot-salt  cracking. 
However,  tha  cracking  wa*  not  a*  severe  as  It*  static 
lab«ra*ory  tatt*  at  tha  same  ttwoeraturv.  presumably 
because  of  Va  reMoval  of  soma  of  tha  sa*t  coating 
by  tha  high  velocity  air. 

A  smeary  report  has  been  Issued  by  NcrtMco 
on  the  hot-salt  *tr***-corro*len  cracking  of  *l-6Ai- 
*4t  Tl-9Ai*i)lo-lrf*  7l-i3V-llCr-3Al,  Tl-6Al-6/-2Sn, 
and  11-679  alloy*. ‘33)  At  *!0  F,  only  Mil l-amesl-d 
Tl-«Ai-yao-lY  alloy  exhibited  cracking.  Threshold 
value*  for  cracking  were  found  to  be  between  0.33 
ard  0.50  of  tha  yield  strength  at  310  F  and  between 
0.25  and  0.43  of  tha  yield  strength  at  650  F.  At 
stress  level*  Just  above  threshold  values,  crack 
rudeatlon  tlaa*  were  Much  longer  with  Vernal 
cycling  van  during  conMrvcu*  exposure  at  tewpera- 
Ure.  Studies  on  Va  kinetics  of  the  for«atlcn  ard 
decoBpositicn  of  IlClj  cn  S»Cl-coaUd  tltanlua  al- 
iev*  indlcavd  Va  p<jsssollity  of  eliminating  ve 
hot-*clt  cracking  of  titanlsa  alloy*  above  310  F 
by  Vermel  cycling  In  such  a  Manner  vat  Va  ti»e 
at  tnperatuxt  It  lass  van  that  retired  to  form 
TIClg  and  that  tha  time  at  room  temperature  Is 
greater  Van  Vat  regulrtd  to  deccMoot#  I ICI^- 
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